ABSTRACT. A 15-year-old, neutered-male pony presented with a history of weight loss during 4 months. Clinical evaluation revealed severe bradycardia and complete atrioventricular block. At necropsy, a lobulated mass in the anterior mediastinum and moderate enlargement of the superficial cervical lymph nodes were observed. The vagus nerve and the brachiocephalic trunk were embedded in this anterior mediastinal tumor. Histologically, the mass was composed of sheets of neoplastic lymphoid cells expressing CD3, with a low mitotic rate. To the best of our knowledge, this is the first reported case of mediastinal lymphoma associated with complete atrioventricular block in horses. KEY WORDS: complete atrioventricular block, equine, mediastinal lymphoma.
of enucleation of the left eye 3 years before admission, because squamous cell carcinoma had occurred in the nictitating membrane of the left eye. At the time of admission to the Tottori University veterinary teaching hospital, the pony was in poor physical condition (200 kg body weight) and depressed. Rectal temperature, heart and respiration rates were 37.4°C, 21 beats/min and 33 breaths/min, respectively. The heart sounds were muffled. Hematological evaluation revealed mild nonregenerative anemia (Table 1) . Biochemical examinations revealed slightly high serum alkaline phosphatase (745 IU/l), low total protein (5.8 g/dl) and albumin (2.0 g/dl) ( Table 1) . Serum lactate dehydrogenase (LDH) was within the normal value (292 IU/l), but LDH 4 and LDH 5 were high (21% and 8.3%, respectively). Blood gases and acid-base variable in samples taken from carotid artery and jugular vein were within normal limits (Table 2) , indicating minimal respiratory failure. The elevated levels of serum alkaline phosphatase and LDH 5 indicated liver damage.
A lead Apex-Base electrocardiogram revealed severe complete atrioventricular block and sometimes premature ventricular contractions. To evaluate the involvement of the vagus nerve in inducing the atrioventricular block, atropine sulfate at 0.03 mg/kg was injected subcutaneously. Treatment with atropine did not alter the arrhythmia during 30 min after injection. In addition, 0.0125 mg/kg atropine was further injected intravenously, but this did not prevent the complete atrioventricular block (Fig. 1) .
Echocardiographic examination showed extension of the right atrium and right ventricle. The fractional shortening of the left ventricle was 40.9%, within the reference value. The echogenic mass was observed in the anterior to the right atrium at the base of the heart.
The owners desired euthanasia in this case. A complete necropsy was performed after clinical, hematologic, plasma biochemical, electrocardiographic and echocardiographic examinations, and blood gas analyses.
Macroscopical examination showed a lobulated mass (12 × 8 × 6 cm) in the anterior mediastinum and moderate enlargement of the superficial cervical lymph nodes ( Fig. 2  (1) ). The vagus nerve and the brachiocephalic trunk were embedded in this anterior mediastinal tumor ( Fig. 2 (1) ).
The cut surface of the mediastinal mass was soft and mottled cream and red in color. In the liver, sclerosis and atrophy of hepatic parenchyma and congestion were observed. In the heart, dilatation of the right ventricle, thinning of the right ventricle wall and hydropericardium were observed. A moderate amount of clear yellow ascites was observed in the peritoneal cavity.
The tissue was fixed in 10% neutral-buffered formalin and embedded in paraffin wax. Sections were cut at 5 µm and stained with hematoxylin and eosin (HE). For immunohistochemistry, anti-human CD3 polyclonal antibody (DakoCytomation, Glostrup, Denmark), anti-human CD79α monoclonal antibody (clone HM57)(Dako) and anti-human CD20cy monoclonal antibody (Dako) were used as a primary antibody. For CD3, noimmune rabbit serum (Dako) was substituted for the primary antibody; rinsed again with TBST. Slides were incubated with primary antibody for 30 min at room temperature. Peroxidaselabeled amino acid polymer (Simple Stain MAX-PO; Nichirei, Tokyo, Japan) secondary antibody systems were used; Slides were incubated with the secondary antibody for 30 min at room temperature. They were then rinsed with TBST before being treated with a 3,3'-diaminobenzidine solution containing hydrogen peroxide 0.01% to permit a peroxidase colour reaction. After a further wash with TBST, slides were counterstained with Mayer's hematoxylin. Histologically, the anterior mediastinal mass consisted of sheets of neoplastic lymphoid cells (HE stain; Fig. 2 (2) ). The neoplastic cells were mainly characterized by a small cell size and varied from 3 to 4 µm in diameter, typically with scant amounts of cytoplasm. The nuclei were mostly round or ovoid and showed dense chromatin. Occasionally, the neoplastic cells showed large cell size (6 to 11 µm in diameter) with irregular-shaped nuclei having irregularly clumped chromatin ( Fig. 2 (2) arrows) . Mitotic figures were sparse (1.04 ± 0.52 per 10 high-power fields). The neoplastic cells expressed CD3 (Fig. 2 (3) ), but did not label for CD79α and CD20cy. The proliferation index, measured as the percentage of Ki-67-positive cells in high-power fields (a total of approximately 1000 cells), was 12% (Fig. 2 (4) ). The neoplastic cells reached the perineurium of the vagus nerve, but did not infiltrate in the nerve tissue (Fig. 2 (5) ). There were no neoplastic lesions in the cardiac conduction system or the cardiac muscle tissue. No neoplastic cells were observed in the ascites of the peritoneal cavity. In the superficial cervical lymph nodes, lymphatic sinuses were filled with neoplastic cells. Follicular centres were sometimes replaced by neoplastic cells. Centrilobular congestion and pseudolobules separated by collagen bundles in addition to periportal (including portal tract) fibrosis were observed in the liver.
The present case was classified as diffuse small lymphocytic lymphoma, according to the Working Formation [26] . When 81 horses with lymphoma were classified according to the Working Formation, 1.2% had diffuse small lymphocytic type [16] . Diffuse small lymphocytic lymphoma is categorized into low grade malignancy in human and animals [16, 26] . In human non-Hogkin's lymphomas, the percentage of Ki-67 positive cells (Ki-67 index) appears to be correlated with the grades of malignancy [12] , and to constitute an independent prognostic factor within the different groups. This extends the possibilities of prognosis for individual cases [13, 14, 23] . In canine non-Hogkin's lymphomas, a highly significant correlation was established between the proportion of Ki-67 positive cells and the classification into low-grade (Ki-67 index <21%) and highgrade malignancy (Ki-67 index >21% and usually >29%) [7] . The present case was categorized into low-grade malignancy from the morphologic characteristics, and the Ki-67 index of the present case was 12%, which is consistent with a previous canine study [7] .
The prognosis for survival of horses with mediastinal lymphoma is reportedly poor [10, 15, 24, 25] . Reports of successful treatment for this disease were not found, and death usually occurs within several months after clinical signs develop [21, 28, 30, 31] . Involvement of other organs, such as abdominal lymph nodes, kidneys, spleen, and liver, is commonly observed in horses with mediastinal lymphoma [11, 21, 28, 30, 31] . In the present case, there were no metastatic lesions in abdominal organs, and it showed relatively rare lesion distribution. In human patients, the anatomical basis of complete AV block has been the subject of considerable study. Permanent complete AV block is almost always due to a direct effect of pathological processes on the cardiac conduction system or an extension of pathological processes from surrounding areas [18, 19] . These processes include neoplastic disease, myocarditis, infectious endocarditis, ischemic coronary disease, fatty infiltration, uremia, and hemochromatosis [2, 3, 18, 19] . The most common cause of this type of block in elderly human patients is sclerosis of the left side of the cardiac skeleton [18, 19] . In domestic animals, complete AV block is associated with heart disease, especially myocardial disorders, that include congenital heart defects, infiltrative cardiomyopathy (amyloidosis or neoplasia), idiopathic fibrosis, myocardial infarction, hypertrophic cardiomyopathy, bacterial endocarditis, myocarditis associated with Lyme disease, and Chagas' disease [4, 9, 17, 20] .
In lymphomas associated with complete atrioventricular block reported in human, the neoplastic lesions occurred in the cardiac conduction system in all the affected cases to our knowledge [5, 6, 22, 24, 25, 27, 29] . Because there were no lesions in the cardiac conduction system, possibly the complete atrioventricular block was attributable to compression of structures of the vagus nerve in the present case. However, in the present case, atropine treatment did not alter the complete AV block. Although the reason for this event is unknown, the dosage of atropine might not have been enough to block the stimulation of the vagus nerve due to the lymphoma.
The hepatic congestion and fibrosis in the present case seem attributable to chronic right-side heart failure occurring primarily or secondarily after chronic left-side heart failure induced by complete AV block [32] . The emaciation, ascites and hypoalbuminemia occurred secondarily after these hepatic injuries.
To the best of our knowledge, there have been no reports of equine mediastinal lymphoma with complete AV block. Although the actual pathogenic mechanism remains unclear, we considered it valuable to describe such a rare case.
